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BACKGROUND
Hydroxychloroquine and chloroquine have been proposed as treatments for corona-
virus disease 2019 (Covid-19) on the basis of in vitro activity and data from uncon-
trolled studies and small, randomized trials.

METHODS
In this randomized, controlled, open-label platform trial comparing a range of pos-
sible treatments with usual care in patients hospitalized with Covid-19, we randomly 
assigned 1561 patients to receive hydroxychloroquine and 3155 to receive usual care. 
The primary outcome was 28-day mortality.

RESULTS
The enrollment of patients in the hydroxychloroquine group was closed on June 5, 
2020, after an interim analysis determined that there was a lack of efficacy. Death 
within 28 days occurred in 421 patients (27.0%) in the hydroxychloroquine group 
and in 790 (25.0%) in the usual-care group (rate ratio, 1.09; 95% confidence inter-
val [CI], 0.97 to 1.23; P = 0.15). Consistent results were seen in all prespecified 
subgroups of patients. The results suggest that patients in the hydroxychloroquine 
group were less likely to be discharged from the hospital alive within 28 days than 
those in the usual-care group (59.6% vs. 62.9%; rate ratio, 0.90; 95% CI, 0.83 to 0.98). 
Among the patients who were not undergoing mechanical ventilation at baseline, 
those in the hydroxychloroquine group had a higher frequency of invasive mechani-
cal ventilation or death (30.7% vs. 26.9%; risk ratio, 1.14; 95% CI, 1.03 to 1.27). 
There was a small numerical excess of cardiac deaths (0.4 percentage points) but 
no difference in the incidence of new major cardiac arrhythmia among the patients 
who received hydroxychloroquine.

CONCLUSIONS
Among patients hospitalized with Covid-19, those who received hydroxychloroquine 
did not have a lower incidence of death at 28 days than those who received usual 
care. (Funded by UK Research and Innovation and National Institute for Health 
Research and others; RECOVERY ISRCTN number, ISRCTN50189673; ClinicalTrials 
.gov number, NCT04381936.)
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Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), the cause of 
coronavirus disease 2019 (Covid-19), emerged 

in China in late 2019 from a zoonotic source.1 
The majority of Covid-19 infections are either 
asymptomatic or result in only mild disease. 
However, in a substantial proportion of infected 
persons, the infection leads to a respiratory ill-
ness requiring hospital care,2 which can progress 
to critical illness with hypoxemic respiratory fail-
ure and lead to prolonged ventilatory support.3-6 
Among the patients with Covid-19 who have been 
admitted to hospitals in the United Kingdom, the 
case fatality rate is approximately 30%.7

Hydroxychloroquine and chloroquine, two 
4-aminoquinoline drugs that were developed more 
than 70 years ago and have been used to treat 
malaria and rheumatologic conditions, have been 
proposed as treatments for Covid-19. Chloroquine 
has been shown to have in vitro activity against 
a variety of viruses, including SARS-CoV-2 and 
the related SARS-CoV-1.8-13 The exact mechanism 
of antiviral action is uncertain, but these drugs 
increase the pH of endosomes that the virus uses 
for cell entry and also interfere with the glyco-
sylation of angiotensin-converting–enzyme 2 
(ACE2), which is the cellular receptor of SARS-
CoV, and of associated gangliosides.10,14 The 
4-aminoquinoline levels that are required to in-
hibit SARS-CoV-2 replication in vitro are higher 
than the free plasma levels that have been ob-
served in the prevention and treatment of ma-
laria.15 These drugs generally have an acceptable 
side-effect profile and are inexpensive and widely 
available. After oral administration, they are rap-
idly absorbed, even in severely ill patients. Thera-
peutic hydroxychloroquine levels could be expected 
to be reached in human lung tissue shortly after 
an initial loading dose.

In small preclinical studies of SARS-CoV-2 in-
fection in animals, prophylaxis or treatment with 
hydroxychloroquine had no beneficial effect on 
clinical disease or viral replication.16 A clinical 
benefit and an antiviral effect from the admin-
istration of these drugs alone or in combination 
with azithromycin in patients with Covid-19 
have been reported in some observational stud-
ies17-21 but not in others.22-24 The results of a few 
small trials of hydroxychloroquine or chloroquine 
for the treatment of Covid-19 have been incon-
clusive, whereas one larger randomized, controlled 
trial involving patients who were hospitalized 

with mild-to-moderate Covid-19 showed that 
hydroxychloroquine (at a dose of 400 mg twice 
daily, with or without azithromycin) did not im-
prove clinical status at day 15, as compared with 
usual care.25-29 Here, as part of the controlled, 
open-label Randomized Evaluation of Covid-19 
Therapy (RECOVERY) trial, we report the results 
of a comparison between hydroxychloroquine and 
usual care involving patients hospitalized with 
Covid-19.

Me thods

Trial Design and Oversight

The RECOVERY trial is an investigator-initiated 
platform trial to evaluate the effects of potential 
treatments in patients hospitalized with Covid-19. 
The trial is being conducted at 176 hospitals in 
the United Kingdom. (Details are provided in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org.) The investiga-
tors were assisted by the National Institute for 
Health Research Clinical Research Network, and 
the trial is coordinated by the Nuffield Depart-
ment of Population Health at the University of 
Oxford, the trial sponsor. Although patients are 
no longer being enrolled in the hydroxychloro-
quine, dexamethasone, and lopinavir–ritonavir 
groups, the trial continues to study the effects of 
azithromycin, tocilizumab, convalescent plasma, 
and REGN-COV2 (a combination of two mono-
clonal antibodies directed against the SARS-CoV-2 
spike protein). Other treatments may be studied 
in the future. The hydroxychloroquine that was 
used in this phase of the trial was supplied by 
the U.K. National Health Service (NHS).

Hospitalized patients were eligible for the trial 
if they had clinically-suspected or laboratory-
confirmed SARS-CoV-2 infection and no medical 
history that might, in the opinion of the attend-
ing clinician, put patients at substantial risk if they 
were to participate in the trial. Initially, recruit-
ment was limited to patients who were at least 
18 years of age, but the age limit was removed 
as of May 9, 2020.

Written informed consent was obtained from 
all the patients or from a legal representative if 
they were too unwell or unable to provide consent. 
The trial was conducted in accordance with Good 
Clinical Practice guidelines of the International 
Conference on Harmonisation and was approved 
by the U.K. Medicines and Healthcare Products 
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Regulatory Agency (MHRA) and the Cambridge 
East Research Ethics Committee. The protocol 
with its statistical analysis plan are available at 
NEJM.org, with additional information in the 
Supplementary Appendix and on the trial website 
at www.recoverytrial.net.

The initial version of the manuscript was 
drafted by the first and last authors, developed 
by the writing committee, and approved by all 
members of the trial steering committee. The 
funders had no role in the analysis of the data, 
in the preparation or approval of the manuscript, 
or in the decision to submit the manuscript for 
publication. The first and last members of the 
writing committee vouch for the completeness 
and accuracy of the data and for the fidelity of the 
trial to the protocol and statistical analysis plan.

Randomization and Treatment

We collected baseline data using a Web-based 
case-report form that included demographic data, 
level of respiratory support, major coexisting ill-
nesses, the suitability of the trial treatment for a 
particular patient, and treatment availability at 
the trial site. Using a Web-based unstratified ran-
domization method with the concealment of trial 
group, we assigned patients to receive either the 
usual standard of care or the usual standard of 
care plus hydroxychloroquine or one of the other 
available treatments that were being evaluated. 
The number of patients who were assigned to 
receive usual care was twice the number who 
were assigned to any of the active treatments for 
which the patient was eligible (e.g., 2:1 ratio in 
favor of usual care if the patient was eligible for 
only one active treatment group, 2:1:1 if the pa-
tient was eligible for two active treatments, etc.).

For some patients, hydroxychloroquine was 
unavailable at the hospital at the time of enroll-
ment or was considered by the managing physi-
cian to be either definitely indicated or definitely 
contraindicated. Patients with a known prolonged 
corrected QT interval on electrocardiography 
were ineligible to receive hydroxychloroquine. 
(Coadministration with medications that pro-
long the QT interval was not an absolute contra-
indication, but attending clinicians were advised 
to check the QT interval by performing electro-
cardiography.) These patients were excluded from 
entry in the randomized comparison between 
hydroxychloroquine and usual care.

In the hydroxychloroquine group, patients re-

ceived hydroxychloroquine sulfate (in the form of 
a 200-mg tablet containing a 155-mg base equiva-
lent) in a loading dose of four tablets (total dose, 
800 mg) at baseline and at 6 hours, which was 
followed by two tablets (total dose, 400 mg) start-
ing at 12 hours after the initial dose and then 
every 12 hours for the next 9 days or until dis-
charge, whichever occurred earlier (see the Sup-
plementary Appendix).15 The assigned treatment 
was prescribed by the attending clinician. The 
patients and local trial staff members were aware 
of the assigned trial groups.

Procedures

A single online follow-up form was to be com-
pleted by the local trial staff members when each 
trial patient was discharged, at 28 days after ran-
domization, or at the time of death, whichever 
occurred first. Information was recorded regard-
ing the adherence to the assigned treatment, 
receipt of other treatments for Covid-19, dura-
tion of admission, receipt of respiratory support 
(with duration and type), receipt of renal dialysis 
or hemofiltration, and vital status (including 
cause of death). Starting on May 12, 2020, extra 
information was recorded on the occurrence of 
new major cardiac arrhythmia. In addition, we 
obtained routine health care and registry data 
that included information on vital status (with 
date and cause of death) and discharge from the 
hospital.

Outcome Measures

The primary outcome was all-cause mortality 
within 28 days after randomization; further anal-
yses were specified at 6 months. Secondary out-
comes were the time until discharge from the 
hospital and a composite of the initiation of in-
vasive mechanical ventilation including extracor-
poreal membrane oxygenation or death among 
patients who were not receiving invasive mechani-
cal ventilation at the time of randomization. 
Decisions to initiate invasive mechanical ventila-
tion were made by the attending clinicians, who 
were informed by guidance from NHS England 
and the National Institute for Health and Care 
Excellence. Subsidiary clinical outcomes included 
cause-specific mortality (which was recorded in 
all patients) and major cardiac arrhythmia (which 
was recorded in a subgroup of patients). All in-
formation presented in this report is based on a 
data cutoff of September 21, 2020. Information 
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regarding the primary outcome is complete for 
all the trial patients.

Statistical Analysis

For the primary outcome of 28-day mortality, we 
used the log-rank observed-minus-expected statis-
tic and its variance both to test the null hypoth-
esis of equal survival curves and to calculate the 
one-step estimate of the average mortality rate 
ratio in the comparison between the hydroxy-
chloroquine group and the usual-care group. 
Kaplan–Meier survival curves were constructed 
to show cumulative mortality over the 28-day 
period. The same methods were used to analyze 
the time until hospital discharge, with censor-
ing of data on day 29 for patients who had died 
in the hospital. We used the Kaplan–Meier esti-
mates to calculate the median time until hospi-
tal discharge. For the prespecified composite 
secondary outcome of invasive mechanical venti-
lation or death within 28 days (among patients 
who had not been receiving invasive mechanical 
ventilation at randomization), the precise date of 
the initiation of invasive mechanical ventilation 
was not available, so the risk ratio was estimated 
instead. Estimates of the between-group differ-
ence in absolute risk were also calculated.

All the analyses were performed according to 
the intention-to-treat principle. Prespecified anal-
yses of the primary outcome were performed in 
six subgroups, as defined by characteristics at 
randomization: age, sex, race, level of respiratory 
support, days since symptom onset, and predict-
ed 28-day risk of death. (Details are provided in 
the Supplementary Appendix.)

Estimates of rate and risk ratios are shown 
with 95% confidence intervals without adjust-
ment for multiple testing. The P value for the 
assessment of the primary outcome is two-sided. 
The full database is held by the trial team, which 
collected the data from the trial sites and per-
formed the analyses, at the Nuffield Department 
of Population Health at the University of Oxford.

The independent data monitoring committee 
was asked to review unblinded analyses of the 
trial data and any other information that was 
considered to be relevant at intervals of approxi-
mately 2 weeks. The committee was then charged 
with determining whether the randomized com-
parisons in the trial provided evidence with re-
spect to mortality that was strong enough (with 
a range of uncertainty around the results that was 

narrow enough) to affect national and global 
treatment strategies. In such a circumstance, the 
committee would inform the members of the trial 
steering committee, who would make the results 
available to the public and amend the trial accord-
ingly. Unless that happened, the steering com-
mittee, investigators, and all others involved in 
the trial would remain unaware of the interim 
results until 28 days after the last patient had 
been randomly assigned to a particular treatment 
group.

On June 4, 2020, in response to a request from 
the MHRA, the independent data monitoring 
committee conducted a review of the data and 
recommended that the chief investigators review 
the unblinded data for the hydroxychloroquine 
group. The chief investigators and steering com-
mittee members concluded that the data showed 
no beneficial effect of hydroxychloroquine in pa-
tients hospitalized with Covid-19. Therefore, the 
enrollment of patients in the hydroxychloroquine 
group was closed on June 5, 2020, and the pre-
liminary result for the primary outcome was made 
public. Investigators were advised that any pa-
tients who were receiving hydroxychloroquine as 
part of the trial should discontinue the treatment.

R esult s

Patients

From March 25 to June 5, 2020, a total of 11,197 
patients underwent randomization; of these 
patients, 7513 (67%) were eligible to receive 
hydroxychloroquine (i.e., the patient had no 
known indication for or contraindication to hy-
droxychloroquine, and the drug was available in 
the hospital at the time) (Fig. 1). Of the eligible 
patients, 1561 were assigned to receive hydroxy-
chloroquine and 3155 were assigned to receive 
usual care; the remainder of the patients were 
randomly assigned to one of the other treatment 
groups.

The mean (±SD) age of the patients in this 
trial was 65.4±15.3 years (Table 1 and Table S1 
in the Supplementary Appendix). A total of 38% 
of the patients were female; 18% were Black or 
Asian or had a minority ethnic background. No 
children were enrolled. A history of diabetes was 
present in 27% of patients, heart disease in 26%, 
and chronic lung disease in 22%, with 57% hav-
ing at least one major coexisting illness that was 
recorded. In this analysis, 90% of the patients 
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had laboratory-confirmed SARS-CoV-2 infection, 
with the result not known for less than 1%. At 
randomization, 17% were receiving invasive me-
chanical ventilation including extracorporeal mem-
brane oxygenation, 60% were receiving oxygen 
only (with or without noninvasive ventilation), 
and 24% were receiving neither.

A total of 1430 patients in the hydroxychloro-
quine group (92%) received at least one dose 
(Table S2). The median duration of treatment 
was 6 days (interquartile range, 3 to 10 days). In 
addition, 12 patients (0.4%) in the usual-care group 
received hydroxychloroquine. The frequency of use 
of azithromycin or other macrolide drug during 
the follow-up period was similar in the hydroxy-
chloroquine group and the usual-care group 
(18.6% vs. 20.3%), as was the use of dexametha-
sone (9.1% vs. 9.2%). Remdesivir was adminis-
tered to less than 0.1% of the patients in each 
group.

Primary Outcome

Death at 28 days occurred in 421 of 1561 pa-
tients (27.0%) in the hydroxychloroquine group 
and in 790 of 3155 patients (25.0%) in the usual-
care group (rate ratio, 1.09; 95% confidence in-
terval [CI], 0.97 to 1.23; P = 0.15) (Fig. 2). Similar 
results were seen across all six prespecified sub-

groups (Fig. 3). In a post hoc exploratory analy-
sis that was restricted to the 4266 patients (90.5%) 
with a positive SARS-CoV-2 test result, the result 
was similar to the overall result (rate ratio, 1.09; 
95% CI, 0.96 to 1.23).

Secondary Outcomes

Patients in the hydroxychloroquine group had a 
longer duration of hospitalization than those in 
the usual-care group (median, 16 days vs. 13 days) 
and a lower probability of discharge alive within 
28 days (59.6% vs. 62.9%; rate ratio, 0.90; 95% CI, 
0.83 to 0.98) (Table 2). Among the patients who 

7513 (67%) Underwent randomization to receive
hydroxychloroquine or other treatments

11,197 Patients were recruited

639 (6%) Did not have access 
to hydroxychloroquine at their
hospital 

3199 (29%) Were considered 
unsuitable for receiving 
hydroxychloroquine

4716 (42%) Underwent randomization to receive
hydroxychloroquine or usual care alone

2797 Were assigned to another
active treatment

1010 Were assigned to lopinavir–
ritonavir

1170 Were assigned to dexameth-
asone

617 Were assigned to azithro-
mycin

1561 (100%) Were assigned to receive
hydroxychloroquine

1430 of 1553 (92%) Received
hydroxychloroquine

3155 (100%) Were assigned to receive
usual care

12 of 3140 (0.4%) Received 
hydroxychloroquine

3 (0.2%) Withdrew consent 5 (0.2%) Withdrew consent

75 (4.8%) Proceeded to second
randomization

178 (5.6%) Proceeded to second
randomization

1561 (100%) Were included in the
28-day intention-to-treat analysis

3155 (100%) Were included in the
28-day intention-to-treat analysis

Figure 1. Enrollment and Outcomes in the RECOVERY 
Trial.

The enrollment number that is shown is the total 
number of patients in the RECOVERY platform trial 
during the period in which adult patients could be re-
cruited for the comparison between hydroxychloro-
quine and usual care. Patients could have more than 
one reason for not participating in the hydroxychloro-
quine trial. At the time of this analysis, data from the 
trial follow-up form were available for 1553 of 1561 pa-
tients (99.5%) in the hydroxychloroquine group and 
for 3140 of 3155 patients (99.5%) in the usual-care 
group. The subgroup of patients who later underwent 
a second randomization to tocilizumab versus usual 
care in the RECOVERY trial included 37 of 1561 pa-
tients (2.4%) in the hydroxychloroquine group and  
89 of 3155 patients (2.8%) in the usual care group. In 
addition, 6 patients were randomly assigned to receive 
either convalescent plasma or usual care alone (1 pa-
tient [0.1%] in the hydroxychloroquine group and 5 pa-
tients [0.2%] in the usual-care group) in accordance 
with protocol version 6.0. Among the 167 sites at which 
at least 1 patient was assigned to receive hydroxychlo-
roquine, the median number of patients who under-
went randomization was 20 (interquartile range,  
11 to 41).
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Hydroxychloroquine 

(N = 1561)
Usual Care 
(N = 3155)

Age

Mean ±SD 65.2±15.2 65.4±15.4

Distribution — no. (%)

<70 yr 925 (59.3) 1873 (59.4)

≥70 to <80 yr 342 (21.9) 630 (20.0)

≥80 yr 294 (18.8) 652 (20.7)

Sex — no. (%)

Male 960 (61.5) 1974 (62.6)

Female† 601 (38.5) 1181 (37.4)

Race or ethnic group — no. (%)‡

White 1181 (75.7) 2298 (72.8)

Black, Asian, or minority ethnic group 264 (16.9) 593 (18.8)

Unknown 116 (7.4) 264 (8.4)

Median no. of days since symptom onset (IQR)§ 9 (5–14) 9 (5–13)

Median no. of days since hospitalization (IQR) 3 (1–6) 3 (1–5)

Respiratory support — no. (%)

No oxygen received 362 (23.2) 750 (23.8)

Oxygen only 938 (60.1) 1873 (59.4)

Invasive mechanical ventilation 261 (16.7) 532 (16.9)

Previous disease — no. (%)

Any of the listed conditions 882 (56.5) 1807 (57.3)

Diabetes 427 (27.4) 856 (27.1)

Heart disease 422 (27.0) 789 (25.0)

Chronic lung disease 334 (21.4) 712 (22.6)

Tuberculosis 4 (0.3) 9 (0.3)

HIV infection 8 (0.5) 13 (0.4)

Severe liver disease¶ 18 (1.2) 46 (1.5)

Severe kidney impairment‖ 111 (7.1) 261 (8.3)

SARS-CoV-2 test result — no. (%)

Positive 1399 (89.6) 2867 (90.9)

Negative 156 (10.0) 275 (8.7)

Unknown 6 (0.4) 13 (0.4)

*	�Percentages may not total 100 because of rounding. HIV denotes human immunodeficiency virus, IQR interquartile 
range, and SD standard deviation.

†	�Among the women, 2 in the hydroxychloroquine group and 4 in the usual-care group were pregnant.
‡	�Race or ethnic group is reported as it was recorded in the patient’s electronic health record.
§	� Data regarding the number of days since symptom onset were missing for 9 patients in the hydroxychloroquine group 

and 9 patients in the usual-care group.
¶	�Severe liver disease was defined as a diagnosis that resulted in ongoing specialist care.
‖	�Severe kidney impairment was defined as an estimated glomerular filtration rate of less than 30 ml per minute per  

1.73 m2 of body-surface area.
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were not undergoing invasive mechanical venti-
lation at baseline, the number of patients who 
had progression to the prespecified composite 
secondary outcome of invasive mechanical venti-
lation or death was higher among those in the 
hydroxychloroquine group than among those in 
the usual-care group (risk ratio, 1.14; 95% CI, 
1.03 to 1.27).

Other Prespecified Outcomes

There was no difference between the hydroxy-
chloroquine group and the usual-care group in 
28-day mortality that was ascribed to Covid-19 
(24.0% vs. 23.5%). However, patients in the hy-
droxychloroquine group had a greater risk of 
death from cardiac causes (mean [±SE] excess, 
0.4±0.2 percentage points) and from non–SARS-
CoV-2 infection (mean excess, 0.4±0.2 percent-
age points) (Table S3). Data regarding the occur-
rence of new major cardiac arrhythmia were 
collected for 735 of 1561 patients (47.1%) in the 
hydroxychloroquine group and 1421 of 3155 pa-
tients (45.0%) in the usual-care group, after col-
lection of this information was added to the 
follow-up form on May 12, 2020. Among these 
patients, there were no significant differences 
between the hydroxychloroquine group and the 
usual-care group in the frequency of supraven-
tricular tachycardia (7.6% vs. 6.0%), ventricular 
tachycardia or fibrillation (0.7% vs. 0.4%), or 
atrioventricular block requiring intervention 
(0.1% vs. 0.1%) (Table S4). There was one report 
of a serious adverse reaction that was deemed by 
investigators to be related to hydroxychloro-
quine: a case of torsades de pointes, from which 
the patient recovered without undergoing inter-
vention. Among the patients who were not re-
ceiving renal dialysis or hemofiltration at ran-
domization, the percentage who went on to 
receive such treatment during the follow-up pe-
riod was the same in the hydroxychloroquine 
group and the usual-care group (7.9% vs. 7.9%) 
(Table S5).

Discussion

In this analysis of the RECOVERY trial, we de-
termined that hydroxychloroquine was not an 
effective treatment for patients hospitalized with 
Covid-19. The lower boundary of the confidence 

limit for the primary outcome ruled out any 
reasonable possibility of a meaningful mortality 
benefit. The results were consistent across sub-
groups according to age, sex, race, time since ill-
ness onset, level of respiratory support, and 
baseline-predicted risk. In addition, the results 
suggest that the patients who received hydroxy-
chloroquine had a longer duration of hospital-
ization and, among those who were not under-
going mechanical ventilation at baseline, a higher 
risk of invasive mechanical ventilation or death 
than those who received usual care.

The RECOVERY trial is a large, pragmatic, 
randomized, controlled platform trial designed 
to assess the effect of potential treatments for 
Covid-19 on 28-day mortality. Approximately 
15% of the patients who were hospitalized with 
Covid-19 in the United Kingdom during the trial 
period were enrolled, and the percentage of pa-
tients in the usual-care group who died was 
consistent with the hospitalized case fatality rate 
among hospitalized patients in the United King-
dom and elsewhere.7,30,31 Only essential data were 

Figure 2. Mortality at 28 Days.

Death at 28 days (the primary outcome) occurred in 421 patients (27.0%)  
in the hydroxychloroquine group and in 790 (25.0%) in the usual-care 
group. The inset shows the same data on an expanded y axis.
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collected at hospital sites, with additional infor-
mation (including long-term mortality) ascertained 
through linkage with routine data sources. We 
did not collect information on physiologic, elec-
trocardiographic, laboratory, or virologic mea-
surements.

Hydroxychloroquine has been proposed as a 
treatment for Covid-19 largely on the basis of its 
in vitro SARS-CoV-2 antiviral activity and on 
data from observational studies reporting effec-
tive reduction in viral loads. However, the 4-ami-
noquinoline drugs are relatively weak antiviral 
agents.15 The demonstration of therapeutic effi-
cacy of hydroxychloroquine in severe Covid-19 
would require rapid attainment of efficacious 
levels of free drug in the blood and respiratory 
epithelium.32 Thus, to provide the greatest chance 
of providing benefit in life-threatening Covid-19, 
the dose regimen in our trial was designed to 

result in rapid attainment and maintenance of 
plasma levels that were as high as safely possi-
ble.15 These levels were predicted to be at the 
upper end of those observed during steady-state 
treatment of rheumatoid arthritis with hydroxy-
chloroquine.33 Our dosing schedule was based on 
pharmacokinetic modeling of hydroxychloroquine 
that referenced a SARS-CoV-2 50% effective con-
centration of 0.72 μM, as scaled to whole-blood 
levels and on the assumption that cytosolic lev-
els in the respiratory epithelium are in dynamic 
equilibrium with blood levels.8,15,34

The primary concern with short-term, high-
dose 4-aminoquinoline regimens is cardiovascu-
lar toxicity. Hydroxychloroquine causes predict-
able prolongation of the corrected QT interval 
on electrocardiography, which is exacerbated by 
coadministration with azithromycin, as widely 
prescribed in Covid-19 treatment.16-18 Although 

Figure 3. Mortality at 28 Days, According to Subgroup.

The size of the squares representing rate ratios is proportional to the amount of statistical information that was 
available for each comparison. The method that was used for calculating the baseline-predicted risk in each sub-
group is described in the Supplementary Appendix. Race or ethnic group was recorded in the patient’s electronic 
health record.
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0.50

no. of events/total no. (%)

160/925 (17.3) 314/1873 (16.8) 1.03 (0.85−1.25) 

128/342 (37.4) 207/630 (32.9) 1.17 (0.93–1.47)

133/294 (45.2) 269/652 (41.3) 1.14 (0.92−1.42) 

276/960 (28.8) 543/1974 (27.5) 1.05 (0.91−1.22) 

145/601 (24.1) 247/1181 (20.9) 1.19 (0.96−1.47) 

335/1181 (28.4) 610/2298 (26.5) 1.09 (0.95–1.25)

65/264 (24.6) 115/593 (19.4) 1.32 (0.96–1.81)

177/622 (28.5) 339/1275 (26.6) 1.10 (0.91−1.32) 

242/930 (26.0) 445/1871 (23.8) 1.11 (0.94−1.30) 

58/362 (16.0) 99/750 (13.2) 1.24 (0.89−1.73) 

253/938 (27.0) 475/1873 (25.4) 1.08 (0.93−1.26) 

110/261 (42.1) 216/532 (40.6) 1.03 (0.81−1.30) 

146/994 (14.7) 274/1990 (13.8) 1.07 (0.88−1.32) 

135/317 (42.6) 246/635 (38.7) 1.12 (0.90−1.40) 

140/250 (56.0) 270/530 (50.9) 1.17 (0.95−1.45) 

421/1561 (27.0) 790/3155 (25.0)
P=0.15

1.09 (0.97−1.23) 
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torsades de pointes has been described, serious 
cardiovascular toxicity has been infrequently re-
ported, despite the high prevalence of cardiovas-
cular disease in hospitalized patients, the com-
mon occurrence of myocarditis in Covid-19, and 
the extensive use of hydroxychloroquine and 
azithromycin together. The exception is a Brazil-
ian study that was stopped early because of car-
diotoxicity. However, in that study, chloroquine 
was administered at a base dose of 600 mg twice 
daily for 10 days, a higher total dose than those 
that were used in other trials, including the 
RECOVERY trial.35,36 Pharmacokinetic modeling 
in combination with information regarding blood 
levels and mortality from a case series involving 
302 patients with chloroquine overdose predicts 
that a chloroquine regimen that was equivalent 
to the hydroxychloroquine regimen used in our 
trial should have an acceptable safety profile.36 
There was a small absolute excess of cardiac 
mortality of 0.4 percentage points in the hy-
droxychloroquine group on the basis of very few 
events, but we did not observe excess mortality in 
the first 2 days of treatment with hydroxychloro-
quine, the time when early effects of dose-depen-
dent toxicity might be expected. Furthermore, 
the data presented here did not show any excess 
in ventricular tachycardia or ventricular fibrilla-
tion in the hydroxychloroquine group.

These findings indicate that hydroxychloro-
quine is not an effective treatment for hospital-
ized patients with Covid-19 but do not address its 
use as prophylaxis or in patients with less severe 
SARS-CoV-2 infection managed in the commu-
nity. A review of Covid-19 treatment guidelines 

that was produced early in the pandemic showed 
that chloroquine or hydroxychloroquine was rec-
ommended in China, France, Italy, the Nether-
lands, and South Korea.37 In the United States, 
the use of chloroquine and hydroxychloroquine 
was permitted in certain hospitalized patients 
under an Emergency Use Authorization (EUA) of 
the Food and Drug Administration (FDA). A ret-
rospective cohort study involving 1376 patients 
with Covid-19 who were admitted to the hospital 
in New York City in March and April 2020 showed 
that 59% of the patients received hydroxychloro-
quine.22,38 Since our preliminary results were made 
public on June 5, 2020, the FDA has revoked the 
EUA for chloroquine and hydroxychloroquine,39 
and the World Health Organization (WHO) and 
the National Institutes of Health have ceased tri-
als of its use in hospitalized patients on the 
grounds of a lack of benefit. The WHO has re-
leased preliminary results from the SOLIDARITY 
trial on the effectiveness of hydroxychloroquine 
in hospitalized patients with Covid-19 that are 
consistent with the results from the RECOVERY 
trial.40
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Table 2. Primary and Secondary Outcomes.

Outcome
Hydroxychloroquine 

(N = 1561)
Usual Care 
(N = 3155)

Rate or Risk Ratio 
(95% CI)

no./total no. (%)

Primary outcome: 28-day mortality 421/1561 (27.0) 790/3155 (25.0) 1.09 (0.97–1.23)*

Secondary outcomes

Discharge from hospital in ≤28 days 931/1561 (59.6) 1983/3155 (62.9) 0.90 (0.83–0.98)*

Invasive mechanical ventilation or death† 399/1300 (30.7) 705/2623 (26.9) 1.14 (1.03–1.27)‡

Invasive mechanical ventilation 128/1300 (9.8) 225/2623 (8.6) 1.15 (0.93–1.41)

Death 311/1300 (23.9) 574/2623 (21.9) 1.09 (0.97–1.23)

*	�The between-group difference was calculated as a rate ratio.
†	�Patients who were receiving invasive mechanical ventilation at randomization were excluded from this analysis.
‡	�The between-group difference was calculated as a risk ratio.
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